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Population dynamics of regulatory T cells (Treg ) are crucial for the underlying interplay between 
leukemic and immune cells in progression of acute myeloid leukemia (AML ). The goal is to clarify 
dynamics of the model including Treg, which could be qualitatively assessed by accumulating clinical 
findings on the impact of activated immune cell infusion with selective Treg depletion. We constructed 
an ordinary differential equation model to describe the dynamics of three components in AML : 
leukemic blast cells , mature regulatory T cells (Treg ), and mature effective T cells (Teff), including 
cytotoxic T lymphocytes . The model includes promotion of Treg expansion by leukemic blast cells, 
leukemic stem cell and progenitor cell targeting by Teff , and Treg -mediated Teff suppression , and 
exhibits two coexisting , stable steady states, corresponding to high leukemic cell load at diagnosis or 
relapse, and to long-term complete remission . Our model is capable of explaining the clinical findings 
that the survival of patients with AML after allogeneic stem cell transplantation is influenced by the 
duration of complete remission , and that cut-off minimal residual disease thresholds associated with a 
100% relapse rate are identified in AML. By using the model, we performed Monte Carlo simulation of 
trajectories in phase plane and generated relapse free survival (RFS) curves, which could be compared 
with clinical data. The resulting RFS curves were in good accordance with clinical outcomes reported in 
immunotherapies of NK cells infusion with/without Tregs depletion. In addition, our simulation results 
focusing on consecutive cycles of cell infusion with/without cell depletion qualitatively accounts for the 
effectiveness of corresponding clinical immunotherapy. The present results suggest that our model may 












































































































































































制活性を 持つ分子（programmed death-1(PD-1)受容体に対するリガンドであるPD-L1、 

















































































































































































































































































Figure 1. Steady states as a function of the threshold constant k2 of a) leukemic blast cells (L), 
Steady states along the solid lines are stable and steady states along dashed lines are unstable. 
Parameter ranges characterized by the existence of two stable steady states separated by an unstable 
fixed point are marked by gray backgrounds. Parameter values are aL=1000, 



































Figure 2. The trajectories from SShi (not shown in figure) after chemotherapy with different values of 
dL. The locations of the state produced by chemotherapy are denoted by closed circles. For higher dL, 
the trajectories with dL beyond a critical value change direction from returning to SShi to converging to 
SSlo, suggesting two basins of attraction. SShi ([L], [Teff], [Treg] = 100000/μL, 0.00031/μL, 4955/μL, 
out of figure ) and SSlo ([L], [Teff ], [Treg ] = 40 /μL, 283 /μL, 8/μL, open circle in figure ) were 
calculated with dL=0.01. Other parameter values are aL=1000, aTeff=56.53, aTreg=198.2, dTeff=0.2, 
dTreg =0.04, k1=40, k2=160 , k3=200 , p=4. For the chemotherapy duration of 10 days , decay rate 

































Figure 3. The basin of attraction of SShi. The size of each dot in the basin indicates the time required   
for the system to arrive at SShi from the state denoted by a dot. It takes longer for the system to arrive at 
SShi from states distributed along the basin boundary . Parameter values are aL=1000 , aTeff =56.53, 































Figure 4. Relapse free survival (RFS) curves in the cases of Teff cells infusion with/without Treg 
cells depletion and no treatment after chemotherapy. The relapse was defined as the event that the 
system overrides the threshold of [L] towards SShigh from CR states, and the duration of CR as the 
time from the termination of chemotherapy to the crossing of the threshold. The threshold was set to 
be [L]=500/μL. 500 trajectories from SShigh by applying chemotherapy during 30 days were 
calculated with dL, dTeff, dTreg of the values selected randomly from normal distributions of N(1.0, 
0.33), N(0.75,0.25), N(5.0,1.67), respectively. Instantaneous  [Teff]  infusion  or  [Treg]  depletion  was  
applied after 0.0001 days from time point of chemotherapy termination. The instantaneous 
[Treg] depletion was followed by instantaneous [Teff] infusion with time interval of 0.0002 days. 
Increment of [Teff] by instantaneous infusion was set to be 200/μL and decrement of [Treg] by 
instantaneous depletion was set to be 100μ/L. Parameter values are aL=1000, aTeff=56.53, 
aTreg=198.
 
2, dL=0.01, dTeff=0.2, dTreg=0.04, k1=40, k2=160, k3=200, p=4. The number of the 
trajectories
 
without occurring relapse was plotted against the CR duration of the last trajectory with 
relapse.
 
 
 
 
 

